This paper studies the external costs of surface freight transport in Spain and finds that a reduction occurred over the past15 years. The analysis yields two conclusions: trucks have experienced a reduction in external costs, and rail has lower externalities. The external costs of road freight transport decrease between 1993 and 2007 (44%). The external costs of rail freight increase by 12%. During this period, the external costs of road freight related to climate increase by 16%, oppositely than those from air pollution and accidents (51 and 44%). The external costs of rail related to pollutant emissions and climate increase by 4% and 43%. Oppositely, the external costs related to accidents decrease by 27%. Road freight generates eight times the external costs of rail, 2.35 Euro cents per tonne kilometre in 2005 (5.6% accidents, 74.7% air pollution and 19.7% climate) vs. 0.28 (13.4% accidents, 53.9% air pollution and 32.7% climate).
Introduction
The large growth in passenger and freight transport that has occurred across all parts of the globe in the past couple decades has led to increased the need to minimise transport's external costs, such as emissions, accidents and noise (Lenz, Prüller, & Gruden, 2003; Singh et al., 2008) . In this context, the external costs of freight road transport e which is the main mode of transport in terms of tonne-kilometres, kilometres travelled, the value of goods shipped, or expenditure e are being reduced. For instance, truck manufacturers are reducing the energy consumption and related pollutant emissions per vehicle-kilometre travelled (Berg, 2003) . The external costs generated by transport have been widely researched in recent years. In fact, there are many methodologies and studies on the subject (Forkenbrock, 1999; Lemp & Kockelman, 2008; Quinet, 2004) . The EU has recently prepared the Handbook on estimation of external costs to serve as a basis for establishing the externalities avoided as a result of modal substitution (Maibach et al., 2008) . The Handbook can serve as a basis for establishing prices for the use of infrastructure in EU countries. However, arriving at a true estimate of the external costs attributed to each mode of transport in each situation remains the real challenge (Bickel, Friedrich, Link, Stewart, & Nash, 2005) .
The European pricing policy, its applications and the results of the research studies conducted in the European context highlight the importance of internalising the external costs and highlight the need to consider marginal social costs in infrastructure pricing (UE, 1995 (UE, , 1998a (UE, , 1999 (UE, , 2006 . This internalisation can affect all modes of transport in line with the external costs that they generate, and it can take into account all of the circumstances involved in the costs generated (ECMT, 2007; EEA, 2006; UE, 1998b UE, , 2001 . External costs are difficult to estimate and assess in economic terms, as is evident from the significant discrepancies in the evaluation results of numerous studies and projects conducted in Europe (AFFORD, 2001; GRACE, 2006; HEATCO, 2005; INFRAS-IWW, 2004; Monzón, Fernández, & Jordá, 2007; UNITE, 2003) . It is difficult to estimate such costs because they depend on specific variable factors that present a large degree of uncertainty. However, policies aimed at internalising and reducing the external costs, such as Directive 2006/38/EC (European Council, 2006) , are based on accurately establishing the external costs ethat are appropriate for each case, mode of transport and country in order to establish the general principles of infrastructure pricing for vehicles using such infrastructure in the EU (Link & Nilsson, 2005; Nash, 2007; Nash & Mathews, 2005; Rothengatter, 2001) .
In Spain, there have been earlier studies focussing on the estimation of costs related to surface freight transport emissions, CO 2 and pollutants (Aparicio et al., 2005; Betancor & Nombela, 2003) . However, there are no specific studies that analyse the trend of the external costs and evaluate the work that each mode of individual freight transport has performed, to reduce the externalities and increase sustainability over time. This situation is not exclusive for Spain and can be transferred to other European countries. This study aims to assess whether there has been a reduction in the external costs of road and rail freight transport in the past couple decades and it to obtain the first estimation values against which future developments may be compared. This paper has 3 main sections: the methodologies used for assessing the external costs and the subsequent reduction in the externalities of surface freight transport modes in Spain, the fundamental factors that could influence the external costs, and the technological measures that could reduce the external costs even further. Section 1 provides a summary of studies on the estimation of the external costs and offers in depth analyses of the methodology applied in the EU Handbook. The EU methodology is used to first offer an estimation of the external costs of surface freight transport in Spain. The authors then propose an alternative methodology for estimating unit external costs that is tailored to Spanish conditions. The study's sourcing of unit costs, which is based on the EU standard values from the reference EU Handbook on transportation external cost methodology (Maibach et al., 2008) , is compared with the authors' individual estimations. Moreover, for both modes of surface transport under review, this study demonstrates the results in absolute economic terms (total costs and cost per externality) and unit efficiency (Euro cents/tonne-kilometre). Section 2 describes the factors that could influence the external costs. Additionally, Section 2 indicates how the relationship between the volume of transported goods and the external costs depends on a series of fundamental factors, such as the handling factor, average length of haul, proportion of journeys with no load, modal share and the intensity of fuel use (and the related intensity of externalities). By analysing the evolution of these fundamental factors in Spain, this study could be applied to the future development of externalities, such as accidents, atmospheric pollution and climate change. Finally, Section 3 reflects on the current and future situations related to the external costs of surface freight transport, and it explores avenues for reducing these costs in the future based on technological measures.
Assessment of external costs

European studies
European studies concerned with estimating the external costs of transport highlight the importance of internalising the external costs. Thus, these studies begin by defining methodologies that develop models of external costs. All of these studies stress the need to consider the external costs in the taxation system and the infrastructure pricing system (Table 1 ). The studies emphasise that the current tax collection system (particularly the taxes on fuel and vehicle characteristics) is inefficient and goes against free market competition. In the framework of tax collection, it would be necessary to at least harmonise the fuel tax differentials (Calthrop, de Borger, & Proost, 2007; EEA, 2006; Johnstone & Karousakis, 1999; Parry & Small, 2005) . Furthermore, on the subject of infrastructure pricing, a number of problems arise in relation to the recommended manner of establishing tolls, in European directive 2006/38/EC (IMPRINT, 2005) . In general, the studies highlight the important role that political components perform in the majority of decisions regarding the implementation of a pricing system. There are territories that are serviced by only one mode of transport or are inefficiently serviced by others. Thus, the impact of pricing on modal transfer is very small (RECORDIT, 2001) . In this respect, determining the connections between the pricing system and the external costs originating in the transport modes is complex and, as stressed in the European project REVENUE (2006) requires an understanding of the relationship between the infrastructure, topography and socio-economic characteristics of the territory. The assessment of the variability range in the average external costs, which has been defined based on the results of projects such as HEATCO (2005) and UNITE (2003) , as well as the studies INFRAS (2004) and Quinet (2004) , indicates that, in these cost categories (climate change, atmospheric pollution and accidents), it is difficult to make a direct comparison of the values applied in EU countries because of the characteristics of the data available in each country (e.g., inflation rate and currency used). These studies confirm that further research on calculating external costs is required. These studies also concluded that the estimation of these external costs must be based on specific case studies that use a "bottom-up" approach (GRACE, 2006) . Likewise, these studies recognised that the acceptability of these costs might pose a problem, as highlighted by the conclusions of the European projects CAPRI (1998), AFFORD (2001) and REVENUE (2006) .
The EU standard methodology and the first estimation of external costs
The methodology of the European Union was developed on the basis of the Handbook on estimation of external costs in the transport sector (Maibach et al., 2008) . This Handbook reviews European studies published prior to 2008 and is based on the findings of experts and scientists whose work was primarily conducted at the European Union level with the co-operation of Member States (most of which are included in Table 1 ). The EU Handbook presents a degree of uncertainty in the calculation of external costs because it relies on values, such as time lost in congestion, lives lost in accidents, premature death due to atmospheric pollution, nuisance due to excessive noise level, and climate change caused by CO 2, that scholars and experts on the subject believe are faulty and cannot be used to establish a reference (de Blaeij, Florax,Rietveld, & Verhoef, 2003; Int Panis, De Nocker, Cornelis, & Torfs, 2004; Navrud, 2002; Tol, 2005) . For example, for the value of one tonne of CO 2 , the Handbook defines possible scenarios with very significant differences: in 2010, a tonne can cost between 7 and 45 Euros (for the low and high scenarios), and in 2050, a tonne can cost between 20 and 180 Euros.
To arrive at the initial estimate of the surface freight transport externalities in Spain, we have essentially used the methodology provided by the EU Handbook, which makes a calculation of the external marginal cost for trucks and trains per vehicle-km and train-km in 2005. We have adapted the methodology of the Handbook to the case of interurban road and rail freight transport in Spain, and we have expressed the external costs in Euros per tonne-km. To this end, we have used a loading factor of 7.3 and 283 tonnes/vehicle for trucks and trains respectively (MFO, 2008a; OFE, 2009) . Table 2 shows the results of the estimation of the external costs in Spain. The uncertainty issues that are related to the range of variation in the cost estimates have been addressed by including the minimum, maximum and mean values given in the Handbook. As 66% of railway freight transport in Spain is on electric trains and 34% relies on diesel trains (RENFE, 2008) , the last three columns of Table 2 indicate a weighted average external cost per tonne-km for trains in Spain. We note that, unlike most European countries, congestion on interurban motorways is only a minor problem in Spain.
The proposed methodology to estimate the external costs tailored to Spanish conditions
To assess the external costs generated by road freight transport and their evolution over time, we must first consider the fleet of commercial heavy-duty vehicles in Spain. The technology with which heavy-duty vehicles are fitted, as determined by their initial registration date, has a strong impact on the generation of external costs such as CO 2 emissions, the emissions of other pollutants, and accident rates. For example, the different EURO categories entail maximum levels of pollutant emissions that heavy-duty vehicles must observe. Table 3 indicates the emission standards of the different EURO provisions for the main atmospheric pollutants: carbon monoxide (CO), hydrocarbons (HC), nitrous oxides (NO x ) and particulate matter (PM). We can see how the permitted emissions standards have become increasingly more restrictive over the years (Euro 0 1990 vs. Euro IV 2005 . Having established the emission standards per pollutant and Euro category, we can then weigh up the factors in light of the vehicles registered each year and the Euro category to which they belong. According to the European Commission, the emission standards of commercial vehicles have been reduced by 88% (between 1982 and 2008), 95% (1982e2008), 97% (1982e2008) and 98% (1992e2008) for CO, HC, NO x and PM, respectively (Pérez-Martínez & Monzón de Cáceres, 2008) .
The weighted emission factors (Fig. 1a) e the emission standards contained in Table 3 are weighted up by vehicle fleet age distribution e are multiplied by the diesel consumption of heavy-duty vehicles to estimate the emissions per pollutant and year. The weighted emission factors are closely correlated with real world emissions, and they reflect technological changes, partly due to EU regulations, that reduce emissions per energy unit and vehicle kilometre (Pérez-Martínez, 2012) . Despite the attempts of manufacturers to postpone regulations that set stricter standards, emissions of atmospheric pollutants have fallen as a result of EU regulations and the significant increase in diesel consumption in road freight transport. The weighted emission factors of heavy-duty vehicles have been reduced by 66% (between 1990 and 2007) , 59%, 54% and 76% for CO, HC, NO x and PM, respectively. The weighted emission factors used in this paper are higher than the emission factors based on laboratory data and model estimates (Dalmann & Harley, 2010; Pérez-Martínez, 2012 ) and similar to the emission rates of real world tunnel experiments (Ban-Weiss et al., 2008; Yanowitz, McCormick, & Graboski, 2000) . Although there are studies which show that the relative decrease in emission factors based on real world data from newer vehicles often is way below the relative decrease in emissions according to the standards (Burgard, Bishop, & Stedman, 2006) , the weighted emission factors used in this paper represent the average age of vehicles in the road freight fleet. The review of relevant literature shows that road vehicle emission predictions have been moving within a factor of 2 of the observed values for HC and NO x and within a factor of 3 for CO and PM, and from overestimation of older vehicles to underestimation of newer vehicles since the late 1990s (Smit, Ntziachristos, & Boulter, 2010) . Including a representative sampling of mean age vehicles could minimize mean prediction errors. In the same way, new vehicles carry new safety systems that have a positive effect on accident rates. However, fleet renewal has not had a clear effect on fuel consumption or CO 2 emissions (Fig. 1a) . The logic behind the estimates of emissions and intensities has been applied to rail freight, with the exception that there are two fuel technologies, namely diesel and electricity (Fig. 1b) . The weighted emission factors of train locomotives have been reduced by 39% (between 1990 and 2007) , 39%, 33% and 30% for CO, HC, NO x and PM, respectively. Changing from diesel to electric traction has a clear effect on fuel consumption and, consequently, CO 2 emissions (À18%). The fuel consumption statistics from the road transport sector, which are available in tonnes of diesel (or litres of fuel), have been converted to energy units (Tera-joules, TJ, Peta-joules, PJ and kilowatt-hours, kWh) through the fuel specific net caloric values (NCV). Analogously, the emissions are estimated in millions of tonnes (Mt), kilotonnes (kt) or tonnes of CO 2 or pollutant from the energy consumption by using the weighted carbon emission factors (CEF) and the pollutant specific emission factors (PEF). The energy consumption and emissions for the transport mode i(road and rail), Step A: 1-July-1992 (Euro 1)
Step B: 1-October-1995 (Euro2) Standards
Step A "Euro 1" HC: 1. Step A: 1-October-2000 (Euro 3)
Step B1: 1-October-2005 (Euro 4)
Step B2 energy source j (diesel fuel for road and diesel rail, and electricity partially for rail) and pollutant k have been estimated using the following equations:
where E i,j is the interurban energy consumption, expressed in terajoules (TJ ¼ 10 12 J), f i,j is the fuel consumption, expressed in grams of oil equivalent per vehicle-kilometre (goe/veh-km), NCV j is the net calorific value of fuel j, expressed in mega-joules (MJ ¼ 10 6 J) per gram of oil equivalent (MJ/goe, 0.454 diesel and 0.301 electricity), D i,j is the traffic demand, expressed in millions of vehicle-kms, C i,j are the CO 2 emissions, expressed in tonnes of CO 2 equivalent (tCO 2 eq.), CEF j is the carbon emission factor of fuel j, expressed in tonnes of CO 2 equivalent per tera-joule (tCO 2 eq./TJ ¼ g/MJ, 69.2 diesel, 56.2e46.3 electricity), P i,j,k are the emissions of pollutant k (CO, NO x , PM and HC), expressed in tonnes of pollutant, and PEF i,j,k is the gas-specific pollutant emission factor, expressed in tonnes of pollutant per tera-joule (t/TJ ¼ g/MJ). Using equations (1)e (3), we have developed an inventory of CO 2 emissions and pollutants (CO, HC, NO x , PM) for the interurban freight road and rail transport in Spain for the period 1993e2007. To address the uncertainties by an appropriate allocation of activity and fuel data across different types of vehicles (Kühlwein & Friedrich, 2005; Saari, Lettenmeier, Pusenius, & Hakkarainen, 2007) , and to be sure that estimates are consistent with fuel sales, we cross-checked the total emissions predicted by equations (1) and (2) against the total national fuel sales published by the Spanish Government (MFO, 2008b) . Once a global analysis concerning the dimension of the problem was made from the energy and emissions standpoint, we next analysed the intensity and efficiency of energy because the absolute figures vary to a considerable extent with the increase in the units transported by each mode of transport. We accomplished this task by merging the data for energy consumption and emissions with the data for transport activity. The result of this merge expresses intensity (the consumption of resources) and efficiency (energy and/ or environmental). Energy intensity is determined by two factors: the energy required to move the vehicle and the use of the vehicle's capacity (Pérez-Martínez & Sorba, 2010) . The energy required to move the vehicle is determined by the fuel consumption, transport conditions (traffic and geography) and the vehicle's characteristics (model and size). The use of the vehicle's capacity depends on the levels of occupancy and load for each individual vehicle, the relative use of each type of vehicle, and the distribution of the different types of vehicles within the fleet of vehicles as a whole (Leonardi & Baumgartner, 2004) . Additionally, the concept of environmental intensity must be defined for CO 2 and each of the air pollutants, as well as for noise and accidents (Saricks, Vyas, Stodolsky, & Maples, 2003) . The energy and environmental intensities are measured in terms of energy consumption, emissions of CO 2 and each pollutant per tonne kilometre using the following equations:
where E 0 i;j is the energy intensity, expressed in MJ per tonnekilometre (MJ/t-km), C 0 i;j is the CO 2 emissions intensity, expressed in grams of CO 2 equivalent per tonne-kilometre (gCO 2 eq./t-km), P i,j,k is the k pollutant emissions intensity, expressed in grams of pollutant per tonne-kilometre (g/t-km), t i,j is the freight transport performance, expressed in millions of tonne-km, and E i,j , C i,j , and P i,j,k are derived from equations (1)e(3). Similar to the energy and emissions intensities, the accident intensity is estimated using the following equation:
where A i is the accident intensity of transport mode i, expressed as the number of cases (fatalities and injuries) per million tonnekilometres (cases/10 6 t-km), fa i , sin i and hin i are the number of fatalities, slight injuries and heavy injuries related to freight transport operations, respectively, and t i is the freight transport performance (in millions of tonne kilometres). Safety related external costs are relatively low compared to polluting emissions and CO 2 and this is why we paid less attention to this type of costs. Finally, the external costs are estimated for road and rail freight transport by converting the emissions and accident intensities into monetary values using the following equation:
where EC i is the external cost of transport mode i, expressed in Euro cents per tonne-kilometre (Vcts/t-km), C CO2 is the cost per tonne of CO 2 (25 V), c pk is the cost per tonne of pollutant k (0 V/tCO, 400 V/tHC, 2600 V/tNO x and 16,500 V/tPM), c fa is the cost of a fatality case (1.12 MV/case), c sin is the cost of a slight injury case (0.01 MV/ case), c hin is the cost of a heavy severe injury case (0.14 MV/case), and C 0 i , P 0 i;k , fa i , sin i and hin i are derived from equations (5)e(7). The monetisation of emissions and accidents was performed based on the values that other European studies gave to a tonne of CO 2 , CO, HC, NO x and PM and to the value of a person killed or injured in a traffic accident (Maibach et al., 2008; INFRAS-IWW, 2004; UNITE, 2003) . Equation (8) takes into account the monetary prices (V2000, constant prices) of associated CO 2 and pollutant emissions and transport accidents. The monetary values of the different external costs of the transport modes were proportional to the Spanish per capita Gross Domestic Product (GDP/capita) and were expressed in V; cts 2000 purchasing power parity (PPP) factor costs per year and per tonne-kilometre (V; cts 2000 PPP factor costs/t-km). This adjustment has been made in adapting EU handbook values to Spain according to the PPP and considering the elasticity of the GDP/capita growth equal to 1.0 (Maibach et al., 2008) . The use of monetary emission and accident prices is proposed in this paper to connect energy, emission, environmental and accident aspects (time series analysis in a cost uniform basis). The monetary criteria have the advantage of evaluating these four aspects on a uniform basis, although we know that monetary estimation is of course a critical point. CO 2 emission price estimation is not an easy task due to critical aspects such as the market prices of energy. The energy prices (closely connected to oil prices), and subsequent climate change prices, are not stable over time and therefore their forecasting is not easy. Assigning prices to pollutant specific emissions is also a complex task, due to the subjective and discretional character of such an assignment. These prices depend on the impact on human health, material damage and crop losses (INFRAS-IWW, 2004; UNITE, 2003) . Prices of the tonnes of pollutants have been adopted in the present paper taking into account population densities, meteorological conditions and traffic patterns outside of built up areas (Torchio & Santarelli, 2010) .
Results for the external costs of freight surface transport in Spain
Intensity of the external costs and trends
Based on the consumption associated with CO 2 emissions, the emissions of atmospheric pollutants and the data available on transport activity, we calculated the intensities (the inverse of the efficiency) expressed as grams per tonne kilometre (Fig. 2) . From 1993 to 2007, the intensity of the pollutants of road freight fell from 11.64 to 3.63 g per tonne kilometre and from 8.85 to 2.10, from 1.91 to 0.54 and from 0.71 to 0.12, for NO x , CO, HC and PM, respectively. We see an improvement in efficiency during the period reviewed. For the four pollutants, there were significant reductions of the grams per tonne kilometre of approximately 70%. The intensity of the CO 2 emissions of road freight fell from 214.7 to 137.7 (36%). Our findings indicate that the intensities fell at a slower rate for rail freight than they for road freight transport (Fig. 2) . Table 4 indicates the current emission factors of the four main atmospheric pollutants (CO, HC, NO x and PM) for both commercial road vehicles and locomotives. Given the distribution of energy consumption per type of fuel in the sector, the emission factors of diesel locomotives are applicable in 34% of cases (RENFE, 2008) . Additionally, the emission factors of electric locomotives are applicable in 66% of cases. On the road, only one fuel technology is considered (diesel). Our findings indicate that, in terms of CO and HC, the emissions per unit of energy consumed on the road are higher than the emissions consumed by rail. However, the PM emissions factor is lower for road transport than for rail. In the case of electric technology, the NO x emissions factor is lower for rail transport than for road. The carbon and pollutant contents of energy delivered as electricity depends on the mix of fuels used for generation, in grams of oil equivalent (goe) and pollutant (Hernández-Martínez, 2006) . In 2007, the annual balance of Spain's electric energy exploitation was: hydro (4.8%), nuclear (30.3%), national coal (28.7%), imported coal (7.0%), natural gas (17.7%), oil (1.4%), and sun, wind and thermal (10.2%). Coal is the most carbon and pollutant intensive, followed by oil and natural gas. For nuclear energy and renewable energy sources (such as biomass, hydro, solar, wind, and geothermal), a net carbon emission of zero is assumed (Schipper, Scholl, & Price, 1997) . Although electricity makes up only a small share of the final energy used for freight transportation in Spain (around0.8%), the carbon and pollutant emissions from power generation are counted (MFO, 2008b) . The following fuel conversion coefficients for electricity production were considered (average values in 2007): 184.4 goe per kilowatt hour (goe/kWh) and51.2 g of CO 2 per mega-joule (gCO 2 /MJ). Fig. 3a and b indicate the intensity of the external costs generated by road and rail freight transport in Spain and were prepared using the estimates of the above-mentioned emissions plus the number of accidents involving road and rail freight transport (the number of people injured or killed). Related to the tonnekilometres transported, these costs are expressed in Euro cents for the year 2000. For road transport, the intensity of the external costs for accidents, pollution and climate change was reduced from 3.97 Euro cents per tonne kilometre in 1993 to 2.24 Euro cents per tonne kilometre in 2007 (44%). Oppositely, the intensity of the external costs for rail was slightly increased from 0.25Euro cents per tonne kilometre to 0.27Euro cents per tonne kilometre (12%). In Fig. 3a and b the external cost estimates have been changed over time in accordance with growth in Spanish GDP per capita, contrarily to the results shown in Fig. 3c and d (constant values) . Fig. 2a shows that for road transport grams of the 4non greenhouse gas pollutants per tonne km fell by 70%, similarly to the external cost per tonne shown in Fig. 3c . However, the estimate of Fig. 3a is smaller compared with the estimate of Fig. 3c by growth in monetary values over time as per capita GDP rose (51% vs. 73%). The differences between the figure results, both at constant values and with monetary values varying over time, clarify what is the physical improvement ( Fig. 2 and Fig. 3c and d ) and how far this is offset by rising monetary values ( Fig. 3a and b) . For road transport the reduction of the intensity of CO 2 emissions is correlated to the efficiency increment of diesel engines, a 30% reduction in energy consumption and CO 2 emissions, and the physical improvement is totally offset by the growth in the GDP per capita (À36% vs. 15%). For rail transport the reduction of the intensity of pollutant emissions is correlated to the reduction in diesel consumption and the increment in the proportion of trains using electricity (due to the electrification of new lines), and also the physical improvement is fully offset (À42% vs. 4%). For road freight transport in Spain, the European studies reviewed in Table 2 underestimate the external costs related to climate change. However, the European studies overestimate the external costs related to the air pollution caused by rail freight transport in Spain. The other external costs are within the range of the external costs values per tonne kilometre in Table 2 . Fig. 3a and b also highlight the external cost estimates of accidents, air pollution and climate change for road and rail freight Fig. 2 . The intensity of atmospheric pollution by freight transport in Spain: CO, HC, NO x and PM, as well as CO 2 emissions, for road (a) and rail (b), (1993e2007). INE, 2008) . The value of the external costs is nonetheless far lower than the value of the freight transport sector's contribution to the GDP (4.68% in 2005). Depending on the vehicle type, activity and commodity, trucks have operating costs close to 13.7 cent per tonne-kilometre . Using the values from our analysis, the external costs represent approximately 17% of the total operational costs, and the costs of freight shipments would increase by this rate if the external costs related to accidents, air pollution and climate change were included in the costs faced by truck freight providers. This percentage is similar to the values found in the literature (Forkenbrock, 1999; Janic, 2007 Janic, , 2008 . However, in relation to fiscal taxes, which equalled 4403 million Euros in 2005, these external costs were fully internalised by road freight prices (Vassallo et al., 2009). In Spain, the public sector income generated by taxes and financial mechanisms compensated for these external costs.
Road freight transport in Spain was estimated to have produced 3.97 Vcts/t-km of external costs in 1993. That figure decreased to 2.24 Vcts/t-km in 2007. This reduction (44%) is similar to the decreased rate of the intensity of road freight pollutant emissions and accidents, which decreased from 3.36 to 0.18 Vcts/t-km in 1993 to 1.65 and 0.10 Vcts/t-km in 2007, respectively. The decrease in the intensities has primarily been attributed to the technological advances in vehicles and related pollutant emission factors. The intensity of road freight CO 2 emissions increased (16%). The external costs of rail freight transport increase between 1993 and 2007 (12%). Therefore, the intensity of freight rail pollutant and CO 2 emissions increased from 0.14 to 0.15 Vcts/t-km (4%) and from 0.07 to 0.10 (43%). However, the intensity of freight rail accidents experienced a downward trend. The external costs of road freight transport during the period 1993e2007 are decreasing over time, oppositely to the external costs of rail transport. Input parameters, such as the cost of one tonne of NO x , PM, CO 2 , and the transport performance, have a significant effect on external costs estimates for both road and rail freight transport.
External costs of road and rail freight
In Table 5 , the accidents involving road and rail freight, expressed as the number of fatal and personal injuries, are multiplied by the appropriate per-event cost (after subtraction of the amount of compensation already paid by the particular mode, updated to the value of the Euro in the year 2000) and divided by the number of tonne-kilometres, to estimate the per-tonnekilometre external cost for each mode. The per-event costs were equal for the road and rail freight. Accidents involving freight trains fall into five categories: collision, derailment, level-crossing accidents, and accidents to people caused by rolling stock motion and fires. The most frequent types of fatal rail accidents are levelcrossing accidents and accidents to people caused by rolling stock motion. Most injuries involve railroad employees on duty (ADIF, 2009). Freight transport in Spain contributes only 6% of the victims of total rail traffic, in contrast to the 16% average value for Europe (UIC, 2009). In total, there were 3 fatalities and 1 slight injury casualty in 2005, which accounted for 3.4 million Euros. These figures are small compared with the 138 fatalities and 480 severe injuries caused by freight road in Spain (236.8 million Euros). The accident costs per tonne-km obtained in this paper (0.13Eurocents road and 0.04rail) are within the ranges of the values indicated in the study by the European Commission and in Table 2 (0.02e0.30 Vcts/t-km for road and 0.02e0.09 for rail).
Together with the estimates of emission rates per tonnekilometre of cargo and the estimated emission cost per tonnekilometre for freight road and rail in 2005, Table 6 depicts the costs per tonne for the four main types of air pollutants. On a tonnekilometre basis, the total costs of the air pollution from road freight are higher than those from rail (1.76 vs. 0.15 Vcts). From this result, it is fair to conclude that the external costs of air pollution generated by freight rail operating in interurban areas in Spain are small. A higher estimate of this cost was made by the European Commission (Table 2) , which estimated the air pollution costs associated with shipping one tonne-kilometre to be 0.29 Vcts. The differences between these estimates are due to the type of train considered (66% of train operations in Spain are conducted by electric trains), the trailing tonnage (approximately 281 tonnes per train) and the speed used in the analysis (approximately 54 km per hour). For instance, the per tonne-kilometre pollution cost will be higher in mountainous terrain, where there are more diesel locomotives, or when freight trains are transporting fewer tonnes per kilometre of travel. Table 7 indicates the amount of CO 2 released per tonnekilometre, which is related to the energy efficiency of the freight mode and to the source of energy used. According to the Spanish electricity mix in 2005, 1 L of diesel fuel releases 2660 g of CO 2 (69.2 gCO 2 eq./MJ), and 1 kW-hour of electricity releases 184 g of CO 2 (Pérez-Martínez, 2009). Researchers and policy makers have not yet reached a consensus regarding the cost to society of releasing CO 2 into the atmosphere. Monzón et al. (2007) reviewed different European studies regarding the external costs of CO 2 , and they suggest costs in the range of 5e38 Euros per tonne of CO 2 emitted. The CO 2 emissions per tonne-kilometre for road and rail freight are estimated to be 144 and 28.5 g, which equals an external 
Fundamental factors that influence external costs
There are fundamental factors that influence the volume of freight transport performance and the resultant externalities (Fig. 4) . These factors represent the links between freight transport and economic activities and relate the amount of freight produced/ consumed to the externalities produced during transport operations (each factor converts one product value into another). For example, the handling factor (the number of links in the supply chain) converts the weight of the freight produced/consumed into transported tonnes (Browne, Allen, & Rizet, 2006; Browne, Rizet, Anderson, Allen, & Keïta, 2005) . As the freight produced/ consumed goes through the supply chain, it is loaded onto vehicles several times. The handling factor can be defined as the volume of freight generated per tonne of product produced/consumed. The average length of haul, which is an estimate of the average distance of each link in the supply chain, converts the tonnes transported into tonne-kilometres. The handling factor and the average length of haul are influenced by the structure of the supply chain, and they determine the transport intensity in the economy (McKinnon, 2007) . The average length of haul is also determined by the efficiency in the choice of travel route. The modal distribution indicates the proportion of tonne-kilometres transported by each mode of transport and depends on the choice of the mode of transport (Schipper et al., 1997) . The number of trucks/trains required to transport the tonne-kilometres is determined by the average load of the trips and the proportion of kilometres travelled with no load. In turn, the average load of the trips depends on the capacity of the vehicles (in weight and volume) and on the use of the vehicle in journeys with a load (Leonardi & Baumgartner, 2004) . The proportion of kilometres travelled with no load influences the occupancy rate (the average load factor) of the return trips. The externalities that are produced (i.e., CO 2 emissions and air pollution) will be subject to the intensity/efficiency levels (i.e., fuel and vehicle efficiencies) with which the vehicles operate. These operation intensities/efficiencies will be established in part by the traffic conditions at specific hours of the day on specific roads (Haney, O'Mahony, & Gibbons, 2005) and factors such as the vehicle technology and size. Produced external costs, emissions and accidents, depend on unit costs (i.e., V per tonne of NO x and V per fatality case). Finally, total emissions of CO 2 and pollutants (in million tonnes per year and million V per year) depend on the fuel choice (diesel or electricity) and are function of the CO 2 and pollutant content of the energy source: sum of the emissions in the "tank to wheel" and the emissions in the "well to tank" processes. For instance, the CO 2 content for electricity consumed on the Spanish railway, according to the national energy mix, was 246.8 gCO 2 /kWh (2007). The CO 2 content for diesel fuel consumed on the roads and railways was 262.2 gCO 2 /kWh (Pérez-Martínez, 2010). It is obtained by dividing the carbon content of diesel (2660 g CO 2 /l) by the fuel energy content (38.3 MJ/l and 3.6 MJ/kWh), emissions in the "tank to wheel" process, and adding the emissions in the "well to tank" process (14.6 g of fuel per kWh of final energy).
The fundamental factors thus far described may vary depending on the industrial sector considered (Pimentel et al., 2004) , the nature of the product distribution operation (Ang-Olson & Schroeer, 2002; Browne et al., 2005) , the type of freight transported (Vanek & Campbell, 1999; Vanek & Morlok, 2000) and the type of vehicle used (Saari et al., 2007; Saricks et al., 2003) . This study analyses the data for the freight transport sector as a whole, which includes both road and rail. Fig. 5 depicts the evolution of some of the factors described above in Spain from 2002 to 2007: the length of haul (a), modal distribution (b), average load (c), and the energy intensity levels (the inverse of the efficiency levels) (d). During this period, the road length of haul remained constant, and the rail length of haul decreased by almost 20 km. There was a shift towards more road freight, which translated into rail transport demand losses. The average load, both for rail and road, did not vary. The energy intensity levels of rail freight transport, expressed in terms of mega joules of energy per vehicle kilometre, increased from 105 MJ per train kilometre to 118. However, the energy intensity of road freight transport decreased by 16%. Small changes in the transport specific length of haul, modal distribution and average load can be expected in the next years, having relatively small influence on the production of external costs. Further improvement on the energy intensity levels are expected, both for road and rail modes, but at a lower rate than in the recent years.
In determining the CO 2 pollutant emissions and the global calculation of the climate change and pollution externalities, we need to shift from a focus on the energy used to the CO 2 and pollutant emission factors of the considered vehicle and the source of energy (equations (2) and (3)). These emission factors depend on the choice of fuel employed in the transport activity, on the source of energy and on the vehicle used (Orasch & Wirl, 1997; Van Wee, Janse, & Van Den Brink, 2005) . However, a life cycle analysis of the CO 2 emissions per litre of the different types of fuels may vary significantly depending on the nature and location of the raw material, the fuel production efficiency and the distribution systems (Kaul & Edinger, 2004) . According to the framework shown in Fig. 4 , a combination of clean vehicles with a high ratio of net tons carried with respect to tare, using cleaner fuels from closer energy sources, leads to lower external cost production per equivalent transport unit. This combination will be important to reduce energy and environmental intensity levels and subsequent external costs in the next years.
The organisation and management type are fundamental factors. Although they are considerably influenced by economic, productive and territorial conditions, these factors directly depend on the transport sector. The average length of haul can be reduced by reorganising the production and distribution systems, supplying local products and finding short routes between pick-up and delivery points (Baumgartner, Leonardi, & Krusch, 2008) . Whenever possible, production can be decentralised and linked to the consumption centre, which would reduce the average length of haul and the handling factor at the cost of increased transport costs (McKinnon, 2008) . Finally, technological advances and measures help minimise the externalities by improving the environmental efficiency, which is attained because of large economic investments made by vehicle and fuel manufacturers (Advenier et al., 2002; Berg, 2003; Lenz et al., 2003; Ruzzenenti & Basosi, 2009) .
Fundamental factors can be influenced by a series of policy measures, programmes and actions (Fig. 6) . Thus, all of the fundamental factors are influenced by fiscal measures, particularly those measures that refer to fuel taxes (special hydrocarbons tax and fuel sale retailer tax) and vehicle taxes (Calthrop et al., 2007; Parry & Small, 2005; Suter & Walter, 2001 ). The measures from Fig. 6 also have particular effects on the fundamental factors (i.e., land use control and planning influence only the length of haul). Increasing the number of night-time operations, the inclusion of freight transport logistics in the CO 2 trading system and the use of vehicles with low CO 2 intensities can significantly reduce the externalities (McKinnon, 2008) . These measures are being implemented or are under consideration, and they can reduce the external costs of freight transport in different ways. In a similar manner, the pertinent governments could design programmes based on good practices, and the freight transport companies could guide the management and operation of the transport systems in the most efficient manner, thus minimising fuel consumption and reducing transport demand (McKinnon, 2007; McKinnon & Ge, 2004) .
Technological advances and measures in vehicles, companies and fuels
Within the measures adopted by vehicle manufacturers to reduce energy and environmental intensities, such as CO 2 , pollutant emissions and accidents, it is worth highlighting those structure of supply chain measures that have had a direct impact: the technology of engines, tyres, lubricants, manufacturing materials, auxiliary elements and aerodynamics (Advenier et al., 2002; Orasch & Wirl, 1997) . Manufacturers have significantly improved the technology of diesel engines and transmissions, which has enhanced engine efficiency. Through the new electronic injection systems and the introduction of the automatic gear box, engine efficiency has been improved by up to 30%, which has significantly reduced fuel consumption, subsequent emissions and related external costs (Saricks et al., 2003) . Similarly, advances have been made in tyre technology, and rolling drag has been reduced. The new synthetic lubricants reduce internal friction in both the engine and transmissions. An adequate use of lubricants also helps to reduce fuel consumption (Ang-Olson & Schroeer, 2002) .
Vehicle manufacturing materials have been improved, and they are now more resistant and lighter (i.e., aluminium and carbon fibre). The use of lighter materials reduces the weight of the tractor head and the trailer, thus improving the load/tare ratio and fuel consumption (Lutsey & Sperling, 2005) . Tare reduction allows for an increased useful load capacity of the vehicle. The auxiliary services of trucks (air conditioning, heating, compressor, hydraulic pump and radiator fan) use a considerable amount of energy. Therefore, measures aimed at reducing the energy consumption of these services have a significant impact on end consumption. Note that advanced materials are not cost-effective in all applications, thus limiting their potential market penetration. For some applications, the fuel savings do not justify the additional cost of aluminium or carbon fibre. The use of electric and/or fuel battery operated auxiliary services can reduce fuel consumption significantly in trains (García, 2005) . Finally, through an aerodynamic design, the aerodynamic coefficient, and consequently, the fuel consumption, can be reduced considerably (Burguess & Choi, 2003) . Ang-Olson & Schroeer (2002) determined the fuel savings that could be obtained by implementing a series of measures in a medium-duty articulated truck. These savings range from 0.6% with the automatic tyre inflation system to 8% by reducing the maximum speed from 100 to 90 km/h. Improving the aerodynamic profile of a vehicle, that is, of the tractor head and trailer combined, can contribute to a reduction of 7.4%. Vehicle manufacturers estimate that together these measures can reduce fuel consumption by 5e10% (McKinnon, 2008) . These manufacturers' improvements must be accompanied by efficient driving. Otherwise, the considerable research and development efforts of manufacturers will be eclipsed. An adequate driving cycle established through efficient driving programmes can reduce fuel consumption by up to 10% (INSIA, 2008) .
There are other types of measures that depend on the management of the transport company and on the actual road hauliers. A large amount of energy can be saved through efficient driving and idling savings at practically zero cost. This measure is opposed to the above-mentioned measures, which involve a high manufacturing cost (Lutsey, Brodrick, Sperling, & Oglesby, 2004) . To control efficient driving and reduce fuel consumption, truck manufacturers have developed telemetric systems (Baumgartner et al., 2008; Leonardi & Baumgartner, 2004) . The data attached to a vehicle can be accessed at any time during the operation of a truck, and the work performed can be monitored. Through the telemetric system, the transport company can access the data stored in the truck's library, and it can analyse the different parameters that determine the transport operations: vehicle load factor, journeys with no load, use of working time, fuel consumption and deviations from the scheduled timetable. However, telemetric systems can only monitor and convey the performance measurements of the vehicle in real time. An intelligent transportation system (ITS) is needed to inform the driver of congestion in the network so that it can be avoided. An ITS can prevent trucks from travelling on congested roads, which exacerbate fuel consumption, and can also prevent other externalities (Crainic, Gendreau, & Potvin, 2009) .
Because stricter emissions standards are integral to achieving reduced emissions, it would be useful to more thoroughly describe the standards used in the construction of the truck fleet composition. Fig. 7 indicates the fraction of the current truck fleet that was subject to earlier, less-strict, standard and provides an indication of potential future improvements in the truck fleet. The average age of vehicles in the road freight fleet is approximately 5 years, so these vehicles are newer than the passenger gasoline fleet (approximately 8.5 years). Regarding energy consumption and associated CO 2 emissions, there is still some margin for improvement because of the consumption constraints in the new EURO V standards introduced in 2008.
In freight transport operations, there are large variations in the amounts of CO 2 emitted per energy unit consumed within each mode of transport and between different ones (Lenzen, 1999; Schipper et al., 1997; Van Wee et al., 2005) . To obtain a precise idea of the environmental advantages of using alternative fuels, a life cycle analysis (LCA) must be performed (Kaul & Edinger, 2004; Saari et al., 2007) . This type of analysis would encourage the use of biodiesel in diesel trucks and trains because the global carbon cycle of the plants used in the production of the bio fuel captures part of the CO 2 (Nanaki & Koroneos, 2012) . There are previous studies that compare the CO 2 emissions of biodiesel from waste vegetable with the CO 2 emissions of conventional low-sulphur diesel. It is estimated that biodiesel emits approximately 2e16 g of CO 2 equivalent per mega-joule of used fuel, which is less than the 83e95 g emitted by conventional diesel (Woods & Bauen, 2003) . Nevertheless, the production of biodiesel from recycled vegetable oil is very low and does not allow for a more ambitious change to biodiesel. Biodiesel is currently mixed with conventional diesel at 5% without requiring truck engine modifications. However, truck manufacturers restrict the amount of biodiesel contained in the mix on the grounds that a higher amount could damage the air filters. With more regular engine maintenance, it would be possible to increase the mix up to 30% (Concawe, Eucar, & JRC, 2006) . There are examples of truck fleets in Spain where most of the trucks operate with high biodiesel mixes. Biodiesel currently makes up a small share of the fuel used by trucks and vans in Spain, and it is not used in other modes of transport (Pérez-Martínez & Monzón de Cáceres, 2008) .
The Spanish government encourages the use of bio-fuels through a special tax rate. However, bio-fuels have a higher production cost, and their retail price is similar to that of conventional diesel. Thus, there is little incentive to shift towards biodiesel. Furthermore, the use of biodiesel is subject to supply restrictions (both in production and distribution), although the recent investment in new production plants is increasing the supply. The European Directive on renewable fuels established that all fuel must include 5.75% bio-fuel by 2010 (Biofuels barometer, 2008; Enerma & CNE, 2008) . If road transport increases its use of bio-fuels in the future, rail transport could then lose its competitive edge in terms of having lower CO 2 emissions. Rail and pipelines are the only modes of freight transport that use electric energy and, as a result, they are partially fuelled by sources of energy that do not produce CO 2 , such as hydroelectric, wind, solar and nuclear power (Lakshmanan & Han, 1997; Schipper et al., 1997) . Currently, a large share of the freight transported by rail uses electric energy, and there are specific plans underway to increase that share (RENFE, 2008) .
The externalities caused by freight road transport accidents need to be addressed with the specific instruments and measures related to the driver's behaviour, insurance and personal liability incentives, and to the potential of infrastructure and road safety policies (Lindberg, 2001 : Proost et al., 2002 . Adding personal liability, property damage insurance (as a result of train accidents at rail crossings and train derailments) and workers' compensation payments, American railroads and truck companies paid around 40% of the total accident costs involving freight trains and trucks (Forkenbrock, 1999 (Forkenbrock, , 2001 . In freight rail transport, vehicle maintenance related during the execution phase causes represent the higher percent of all rail and track related incidents and accidents (Holmgren, 2005) . The most common cause of maintenance related accidents is imperfect communication and information between the maintenance personnel and the operators. In freight road, inadequate vehicle maintenance and transport rule violations, especially lack of permission to perform maintenance work on the highways, are one of the most frequent causes of accidents and affect the right vehicle use (Fig. 6 ).
Discussion
In this section we discussed several topics coming from the paper's main results such as the competition between rail and road freight transport, in terms of production of external costs, and the effective measures towards further reduction of the external costs. Supported by the high variability and uncertainty of the external cost estimates, due to limitations of the monetary structure and data availability constraints, and the influence of some other major factors imposed on the freight transport sector from outside, we think that future external costs will be difficult to predict.
In recent years, the road freight transport sector has reduced its external costs considerably. This reduction has been considerably more energetic than in the rail sector, which has been subject to less social pressure to reduce its externalities. This reduction has led to road transport substantially narrowing the gap with rail transport in the generation of externalities per transport unit. The external cost reductions of road transport are present as increased energy efficiency, lower emissions and fewer accidents. Even so, rail freight transport continues to be more efficient than road transport in terms of the generation of externalities. However, the mode of transport with the best environmental performance may not be a viable alternative in many instances. In fact, road transport has a captive market in a large number of niches, such as the last mile, express parcels and "just in time" deliveries. Rail transport can be a viable alternative to road transport when transporting large volumes or long distances. Rail is competitive for very short distance flows of power station coal like in Northern Spanish mining areas. The rail versus road comparisons could be biased as rail would only handle some of the functions of road transport, and generally these are the higher volumes or longer distance transport where road itself has lower external costs than on average. Energetic and environmental impacts of freight surface transportation are usually modelled following average data, which do not reflect the characteristics of specific lines (García, Pérez-Martínez, & González, 2012; López, Rodríguez, Burón, & García, 2009 ). Additionally, rail might be more viable when transporting freight with low added value. There are international experiences that demonstrate the possibility of investing in improved rail freight infrastructure to make rail more competitive for higher value freight. One such example is the US rail model. Since 1980, the US has invested in intermodal terminals, has improved line haul rail corridors and has developed more advanced designs for doublestack container trains, thus leading to growth that has outpaced that of the truck on a percentage basis. The experience of the US rail model runs counter to the experience of most European countries (Vassallo & Fagan, 2007) .
The study confirms that road freight transport is moving in the right direction in terms of external costs per tonne of transported goods. Nevertheless, the study also confirms that there is considerable room for reducing the external costs even further. A number of public measures and policies have recently been developed in Spain to help reduce the externalities of transport. These measures are mainly centred on modal distribution, vehicle load factors and fuel use efficiency. This study reviews these initiatives and considers the possibility of broadening them through more robust measures. It is suggested that the measures recently employed are relatively effective in terms of avoided externality per Euro invested. This study provides a summary of technological advances in vehicles, companies and fuels. It provides first-hand insight into the consequences of the different measures involved in transport. Additionally, it indicates the fundamental factors that ought to be modified to reduce the externalities by as much as possible in the future, thus balancing such reduction with harmonious economic development. However, the main source of the reduction of external costs appears to be the decreasing emissions of new vehicles due to regulation; newer models meet much stricter EU emissions standards for nonglobal warming pollutants. Other countries subject to EURO emissions standards may exhibit similar trends in the external costs of road freight. An interesting question is whether the Spanish road freight sector is leading or lagging the EU in the pace of fleet renewal.
The high variability in the results from studies of other country's external costs is referenced in the paper and attributed, in part, to differences in data availability by country. We discuss this background information and describe the range of external costs estimates in the results section. This paper also discusses the relative contribution of data availability, the uncertainty in key parameters and the consequent unit external costs. Some European data, such as the recent changes in the energy intensity of road and rail freight, appear anomalously large because of unusual data peaks or differences in the data collection methodology (Maibach et al., 2008) . Thus, a discussion of the quality of data that are relevant to the freight mode in Spain needs to happen prominently. The original external cost estimates in this paper were based on governmental sources (e.g., accident records and costs). Except for road climate change and rail air pollution costs, the initial estimates adapted existing European literature estimates. Owing to the application of a higher cost per tonne of CO 2, the road freight CO 2 emission costs per t-km for Spain are slightly higher in this article than those reported by Maibach et al. (2008) . The rail freight pollutant emission costs per t-km for Spain are lower in this article than in other European studies because Spain has a higher proportion of electric trains.
We found that the external cost estimation is somewhat sensitive to the assumed cost per tonne of pollutant (basically NO x and PM) and the CO 2 -equivalent emissions. Moreover, research on the external cost of freight would benefit from more critical discussion, some sensitivity analyses and/or a justification of the 2,600, 16,500 and 25 Euro figures employed by other studies. For instance, the 25 Euro figure that arises as a near-term cost per tonne of CO 2 in the EU Handbook could be considered as a reflection of an emissions price rather than being considered a rate of external marginal cost. The monetary evaluation techniques of transport external costs have some limitations, uncertainties and ethical concerns (Int Panis et al., 2004; Truong, Stefanovich, & Stirling, 1997) . Like it was shown in this paper, environmental valuation results vary over a very wide range of values, yielding a variety of rank orderings for the different external costs. In addition, the values derived for energy and emissions externalities are found to be vulnerable to the possible influence of a price imperative (Stirling, 1997) . In the long-term, the value of external costs presented in this paper, which are 17% of the total operational costs, may understate the total externalities because it underestimates the cost of pollutant and CO 2 emissions from fossil fuel combustion. If some of the more extreme scenarios for the effect of transport pollution and climate change on both the natural and built environment eventually materialise, then the values that appear in this paper might, in hindsight, prove to have been too low. There are some risks associated with underestimating the cost of transport pollution and climate change, such as the transport rebound effect, which is based on pollutant and carbon intensity transport modes (Schipper, 2000; Schipper & Grubb, 2000) . During the researched period (1993e2007), surface freight transport in Spain exhibited patterns consistent with the Jevons paradox, where the environmental intensity of transport performance (external cost produced/ transport unit) has steadily declined while total transport demand grew. Externalities could decrease in unitary terms, but the increasing transport demand can increase the total externalities. Technological improvements could increase the amount of resources used in the future (Clark & York, 2005; York, Ergas, Rosa, & Dietz, 2011) .
Operational efficiencies (i.e., driving techniques) can be available to the rail as well as the road sector, and the international freight railways have indeed recently focused on fuel-saving train operation techniques. Assessment of the potential for externality reduction in Spain would benefit from further research on the uptake of various technologies and on the operational techniques in the rail sector. The uptake of new technologies contradicts the reported decline in the rail modal share. However, this study's primary results suggest that increasing Spain's rail freight share would reduce the external costs of freight transportation.
There are other major factors, such as the economic context, the production structure and the structure of the territory, which particularly affect the behaviour of the freight transport sector and the subsequent externalities (Cuddihy, Kennedy, & Byer, 2005) . These factors are imposed on the sector from outside and give the sector limited room to manoeuvre in reducing external costs. For example, the spatial structure of the supply chain has an enormous impact on the number of trips made and thus on the externalities produced (Browne et al., 2005) . The governing forces of the economic market and the policies and measures implemented by governments particularly influence the fundamental factors of the freight transport system (mainly of an economic nature). The empirical observations obtained in the results section of this study, together with their interrelations, provide a guide for planning changes to the transport system. This study can help analysts, managers and policy-makers in their efforts to achieve a more sustainable transport system in the future.
